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To: National Aeronautics and Space Administration, Goddard Space Flight
Center, Electrochemical Power Sources Section (636.2), Space Power
Technology Branch, Greenbelt, Maryland 20771

Subj: Monthly Progress Report on National Aerconautics and Space Adminis-
tration Space Cell Test Program; submission of

I
Encl: (1) Monthly Progress Report as of 31 October 1964 (3 copies)

1. The progress report for Naticnal Aeronautics and Space Administration

purchase order W1l,252B on the space cell test program is submitted as
enclosure (1).

E. R. PETTEBONE

V. YEAGER
By direction

Copy to:
NASA (Mr. Ernst M. Cohn, RPP), Washington, D. C. 20546
NASA (Mr. Emil Hymowitz, 672), Greembelt, Maryland 20771
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. 0. Box 5700, Bethesda, Maryland 2001k
‘Scientific Information Officer, Defence Research Staff, British Embassy
(Wing Commander Cherry), 3100 Massachusetts Ave. NW, Washington, D. C. 20008
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MONTHLY PROGRESS REPORT THROUGH 31 OCTOBER 1964
LIFE CYCIE TESTS

1. S*atus of Cyeling Progranm.

a. Total number of packs cycled to date - 98.
(1) Fifty 10-cell packs and 48 5-cell packs.
b. Total pumber of packs still cyecling - T5.
(1) Thirty-nine 10-cell packs (Nickel Cadmium).
(a) 11 General Electric 3.0 ah packs.

1. One pack was removed from test as six of the 10 c2lls
in the pack have failed.

(v) 9 Gould-Netional Batteries, Ime. 3.5 ah packs.

1. Three packs were removed from test as éix of the 10 cells
in each of two packs and all cells in the third pack have falled.

(¢) 11 Sonotone Corporation 5.0 ah packs.

1. One pack was removed from test as six of the 10 cells
have failed.

(&) 8 Gulton Industries, Inc. 6.0 ah packs.

1. TFour packs were removed from test as six of the 10 cells
in each of three packs and seven in the fourth pack have failed.

(2) No 10-cell packs (Silver Cadmium).
(a) 0 Yardney Electric Corporation 12 ah packs.

1. The two packs were removed from test as six cells of one
pack and all ten of the other one leaked electrolyte.

(3) Thirty-five S5-cell packs (Nickel Cadmium).
(a) 12 General Electric Company 12 ah packs.

1. One pack was removed frcr test as three of the five cells
failead.

(v) 7 Gould-National Batteries, Inc. 20 ah packs.

1. Five packs were removed from test as three of the five
cells In each pack failed.

Enclosure (1)
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(¢) 1 Gulton Industries, Inec. 6.0 ah pack.
(d) 2 Gulton Industries, Inc. 50 ah packs.

(e) 7 Guiton Industries, Inc. 20 ah packs.

l. ¥Five cf these 5-cell packs have been removed from test

for failures of three or more cells in each pack.

(f) 6 Gulton Industries, Inc. 4.0 ah commercial packs.
(4) One 5-cell pack (Silver Zine).

(a) 1 Delco Remy 25 ah pack.

1. One pack was removed from test as all cells falled.

2. Test Parameters.

S

b.

C.

Ambient Temperatures:

(1) o° ¢.

(2) 25° ¢.

(3) ko° c.

Voltage limits per pack on charge:

(1) 1.55 £ 0.03 volts per cell at 0° C.
(2) 1.49 + 0.03 volts per cell at 25° C.

(3) 1.45 % 0.03 volts per cell at 40° C.

(%) 1.97 £ 0.03 volts per cell at 25° C on the silver zinc packs.

Depths of Discharge:
(l) 90-minute and 3~hour orbits:
(2) 15 percent and 25 percent at 0° C.
(b) 25 percent and 40O percent at 25° C.
(e) 15 percent and 25 percent at 40° C.
(2) 24-hour orbits:
(a) 50 percent at 0° C, 25° C and LO° C.

(b) 4O percent at 25° C on the silver zinc packs.
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d. Orbit Times:

(1) 90 minutes--30 minute discharge and 60 minute charge.
(2) 3 hours--30 minute discharge and 150 minute charge.
(3) 2k hours--1 hour discharge and 23 hour charge.

3. Data.

a. Normal operation schedules complete data to be recorded on 90-minute

and 3-hour packs every 32 cycles. On 24-hour cycles, complete data is taken
every elght cycles.,

b. The attached data sheets give end of discharge and end of charge
voltage readings for each cell on each cycle recorded.

4. Cell Failures.

Failures Total
October 1 through Failures
Cell Type October 31, 1964 To Date
General Electric 3.0 ah 3 19
Gould 3.5 ah 3 ko
Sonotone 5.0 ah 3 17
Gulton 6.0 ah 5 52
General Electric 12 gh 3 5
Gould 20 ah 0 22
Gulton 20 ah o 16
Yardney 12 ah (Silver Caimium) 0 16
Delco Remy 25 ah 0 5

5. Cell Failure Analysis.

a. All failure analysis results are cumuwlative. These results are
shown in pages 5 through 23.

&. Prior to ecycling, each pack was given a capacity test at its respec-
tive cycling temperature. Thls check consisted on a c/lO charge for 16 hours
followed by a c/2 discharge to 1.0 volt/cell average. After each 88 days of




cycling, each pack was discharged at the c/2 rate to 1.0 vol’c/ cell average
following & charge at the cycle rate. The pack was then recharged at the
¢/10 rate for 16 hours and discharged at the c¢/2 rate to 1.0 volt/cell
average. The pack was then recharged at the c/ 10 rate for 48 hours, voltage

limited to the cycle limits. Data of capacity tests is tabulated on pages
24 through 26.
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AMPERE~-HOUR CAPACITIES ON
PRECONDITIONING CYCLES AND CAPACITY CHECKS

PERCENT
DEPTH OF TEMP. ORBIT DISCHARGE AMPERE-HOURS¥*
TYPE  DISCHARGE °C. PERIOD (1) (2) (3) | ()Y 4 (5)  (6) ( (T)
G.E. 15 0 90 Min 3.8 3.\8 | 3.2 |2.05
3 A.H. 25 o . 350 3.33 |.270 }3.38
25 . 25 5.00 338 [2.43 {a.33
Lo 25 4.08 275 ]2.10 [).23
15  50/L40 165 242 (79 jaao [1L8B 1R
25 SO/lLO .80 | 2.20 (w40 (o8 O.TZ |PAOC FELED: oyt L€ 2509
G.E. 15 O . 3 Hrs 3682 225 1240 |3.53
3 A.H. . 25 0 3.50 3.25 | 3.53 | 2.80
25 25 393 3.78 [ 2ZHE | 3.5
Lo 25 378 3.00 | 235 | 2.00
15 50/40 177 1263 (330) [220 V.6t |v.es
25 50/140 160 [a.c0 (3537) [1.35 11,19 [1.15
Gould 15 0 90 Min J3.64 4.00 12.22 |74l
3.5 A.H. 25 0 3.33 3.85 | 32.853 | 3.8
25 25 go0 394 |a.92 | 2.95
Lo 25 39Y 3.38 | 2.77 lenex Faben: igue 3164
15 50/%0 - PS2 4363 (974) [3.07 [ 1.95 1190
25 50/1+O V.55 [R.07 (H Q"‘) a.95 PALY. FANWED: {Cvere ['&N
Gould . 15 0 3 Hrs 331 3.59 |2.15 [338
3.5 A.H. 25 0 3.50 3.91 |3.53 |3.65
. 25 25 4.32 403 | 2.79 |3.53
ko . 25 419 - 2.68 3,25 2,03
15 50/1;0 160 13 (22ae) 175 V.92 | a.\e .
25 50/).;.0 .55 ikl (M95) 1189 |eacw flanss: jevive | 9757
. Sonotone 15 0 . 90 Min 345 £54 | 550 | 1.6k
5AH. 25 0 5.4 4.96 | 4.52 | %.25
25 25 SHa 3.67 1233 1218
Lo 25 4.42 4,532 | H.17 | 3.55
15 50/40 2.09 12.632 (703) 2.25 1 1.833 | 2.
25 50 /40 C207 1340 (dys) 2.75 | 2582 [esvctifevere [2625
Sonotone 15 0 3 Hrs 5.67 579 1567 [5H
5 A.H. 25 0 4.9 3.96 1 3.95 (w03
- 25 25 : 5.714 y.58 | 2.04 ;OE
Lo 25. .83 y5o [3.29 13.35
15 50/40 3.23 |4.92 (293) 235 | .38
25 50/4¢ 375 13.5p (13} Lee 13.88

) Initiel Preconditioning.
) Preconditioning at Change to 40° C. Number of cycles completed at 50° C. is
"in parentheses. :
Capacity check after First 88 days of eycling. (¥% S$ill at 50° C.)
Capacity check after Second 88 days. :
) Capacity check after Third 88 days.

24\,/; GRSl 3 Ghndiod GGl Puus Wl OO0 Quyo.
7}

Cnpacity check after Fifth 88 days. ./
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AMPERE-HOUR CAPACITIES ON

PRECONDITIONING CYCLES AND CAPACITY CHECKS
‘. PERCENT
L DEPTH OF TEMP. ORBIT DISCHARGE AMPERE-HOURS*
i TYPE  DISCHARGE _°C.  PERIOD (1) (2) () W), (5, (6) (1)
Gulton 15 0 90 Min 2-00 530 (5M0 [ wwug
6 A.H. 25 0 5.00 475 [3.80 | 4.5
25 - 25 580 225 12.85 |ago
i ko 25 &.H0 345 |pack FARED: levers (2086
o 15 50/40 405 13.60 (324) | 170 [ads5 |h2f
f 25 50/140 2.65 1 2.90 () | L55 | PACK Ameen: |ovelE 1377
i Gulton 15 0 3 Hrs 450) 545 |5.35 |58
; 6 ALE. - 25 0 4.25 5.00 |3.50 [3.50
25 25 5.20 3.65 | 2.5 |a.50 .
Lo 25 4.58 HA5 | 3.46 |PACM FALCD: CVCLE 1550
. 15 50/40 235 5.85 (229) | 205 1,63 [eacx eabnicicis 1689
; 25 50/40 4.60 {3.80 (56) | 215 | 2.0
! G.E-. o .15 0 90 Min 124 1277 \0.4 V2.0
12 A.H. 25 0 ' 4.2 2.5 ] 9 1.2
. 25 25 5.2 2.00 | 5.55 | r.50
' Lo 4.2 6.00 | 7.65 lencx raedt vl wpad
15 50/40 - £6.8C15.30  (324) is.co0 | 4.70
25 50/40 €.90/6.00 (as) {440 | 5.20
G.E. 15 0 3 Hrg 1.2 2.3 (107 W.C
12 AH. 25 0 .6 13.0 | 13.1
- 25 25 15. & (L7 1230 | 6.3
4o 25 ", 9 ) 5.0 | 596 | 7.90
15 50/40 7210 [$.20 (2053 6.2 | 270
25 50/40 7.0¢ |9-80 (70)] 380 | 4710
.Gould . 15 o} 90 Min 22.5° 27.7 265 | av.2
20 A.H. 25 0 23.0 212 | \5.2 127
25 25 45.0 18.5 | 1.0 |Pax [af=LL CilI£ 2980
Lo - 25 ™7 J3.3 [PrOx FApLED: CvjLLs 1937
15 50/40 9.7 16-832  Lis)]15.2 1153
25 50/)+O 9.00113.9 (1326) | 15.2  1Pnck eaien: CYCLE  isf7y
- Gould 15 o] 3 Hrs 23.0 23.2 | 3\5
20 AL.H. 25 0 23.0 17.5 | 2as.0
25 25 433 225 [22.%
4o 25. v.& ‘ au,7 1207 MK FALTCT e 793
15 50/40 9.50[9.67 (47) [u.e |48 —
~ 25 - 50/},*() Q32217250 (754) {587 T IPALKE TAPLeQ: ¢iaLeg 1483

( 1) Initial Preconditioning. . ‘

. (2) Preconditioning at Change to 40° C. Number of cycles completed at 50° C. ia
in parentheses., . '

3) Capacity check after First 88 days of cycling. (%% Still at 50° C.)

1; Capacity check after Second 88 days. .

/ (\

Ce:oacity check after Third 88 deys.
ety chack alcexr fourtn OO days.
Cn.pa.city check after Fifth 88 anyn. 25,

. o
L



AMPERE-HOUR CAPACITIES ON :
PRECONDITIONING CYCLES AND CAPACITY CHECKS

Aeves
toy3
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PERCENT
DEPTH OF TEMP. ORBIT DISCHARGE AMPERE-HOURS*

TYPE _ DISCHARGE _°C. PERIOD (1) (2) (3) L () 4 (5) ( (6), (7)
Gulton 15 0 90 Min 7.2 12.5 | 5,67 |proe pmicdr evdee 363)
20 A.H. 25 0 2.2 .5 PALK FIAILED,  [CYeLE | 2388
25 25 Q22 7-17 1 450 |v.¢3

Lo 25 23.3| Pack FAILED : | eveLE] 637
15 50/40 10-3 13.8 (172) 6.50 |4.83
25 50/40 5.00|n.2  (65) 6.00 | 10.3
Gulton 15 0 3 Hrs 67 \2.2 | 352
20 A.H. 25 0 2.7 0.7 1218
25 25 20.3 G 707 leAG PR cvin 1754
Lo 25 19-2 [PACK.  FaiLgp: LLE 358
15 50/40 950 ha? (79 1733 [5.23
25 50/40 a7 10.3  (47) 667 |67
|
Yardney 50 0 2L Hrs 13.8 8.60 | PACK Baweo: jewi® 116G
12 A.H. 50 Lo 13.5 12.0 | Pack pawes: levers dio
Gulton 50 25 24 Hrs 6.0 3.55
6 A.H. :
G.E. 50 25 24 Hrs 13.0 7.6o
12 A.H. *
* (1) Initiel Preconditioning. :
(2) Preconditioning at Change to 40° C. Number of cycles completed at 50° C. is
in parentheses.
(3) Capacity check after First 88 deys of cycling.
(4) Capacity check after Second 88 days.
(5) Capacity check after Third 88 days.
(6) Capacity check after Fourth 88 days.
- (7) Capacity check after Fifth 88 days.
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